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ELECTRICAL TRANSIENT PROTECTION CIRCUIT 

[0001] This application claims the benefit of U.S. Provisional Application No. 

60/421,189, filed October 25, 2002. 

Background 

[0002] The present invention relates to electrical systems. It finds particular 

application in conjunction with electrical systems used in vehicles and will be described with 
particular reference thereto. It will be appreciated, however, that the invention is also 
amenable to other applications. 

[0003] Electrical transients exist in systems that use electronic control unit ("ECU") 

circuits and components designed for applications in 12 volt or 24 volt direct current ("DC") 
vehicular (e.g., automotive) systems. Such transients also exist in systems having ECU 
circuits and components designed for applications in consumer electronics using isolated 
alternate current ("AC") systems. Due to cost and other design constraints (e.g., physical 
size and heat generated from energy absorption), protection circuits for these types of 
systems currently do not meet performance requirements of vehicle manufacturers, 
component suppliers, and/or component designers. The transient inputs are described in 
industry documents such as Society of Automotive Engineers (SAE) standards J 145 5 for 
load dump and inductive switching conditions for both 12 volt and 24 volt systems. 

[0004] The present invention provides a new and improved apparatus and method of 

electrical transient protection for ECU circuits and components that meets performance 
requirements of 24 volt vehicle electrical systems, cost and design requirements of 
component suppliers, and other ECU constraints. 

[0005] The present invention provides a new and improved apparatus and method 

which addresses the above-referenced problems. 
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Summary 

[0006] An electrical transient protection circuit in a vehicle includes an input 

connector, which receives an input voltage, a means for absorbing, which is electrically 
connected to the input connector, and a means for blocking, which is electrically connected 
to the input connector. At least one of the means for absorbing and the means for blocking 
conditions the input voltage by suppressing a voltage transient and producing a 
corresponding output voltage. The voltage transient is up to i) about 8 times the input 
voltage through a source impedance of about 0.40 for about 0.5 seconds, ii) about 50 times 
the input voltage through a source impedance of about 20.00 for about 1.0 millisecond, and 
iii) about 50 times a negative of the input voltage through a source impedance of about 
20.00 for about 1.0 millisecond. An output connector delivers the output voltage, which is 
less than or equal to about 110% of the input voltage, to an electrical component on the 
vehicle. 

Brief Description of the Drawings 

[0007] In the accompanying drawings which are incorporated in and constitute a part 

of the specification, embodiments of the invention are illustrated, which, together with a 
general description of the invention given above, and the detailed description given below, 
serve to exemplify the embodiments of this invention. 

[0008] FIGURE 1 illustrates an electrical over-voltage transient protection circuit in 

accordance with one embodiment of the present invention; 

[0009] FIGURE 2 illustrates an electrical over-voltage transient protection circuit in 

accordance with another embodiment of the present invention; 

[0010] FIGURE 3 illustrates an electrical over- voltage transient protection circuit in 

accordance with another embodiment of the present invention; and 
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[0011] FIGURE 4 illustrates an electrical over- voltage transient protection circuit 

including a transient voltage suppressor in accordance with another embodiment of the 
present invention. 

Detailed Description of Illustrated Embodiments 

[0012] The present invention provides high electrical transient and reverse battery 

protection for electronic control unit ("ECU") circuits and components designed for 
application in 24 Volt Direct Current ("DC") systems used, for example, in vehicles (e.g., 
automobiles or heavy vehicles such as trucks, buses). At the same time, the present 
invention provides a 12 Volt regulated supply to electronic (e.g., consumer electronic) 
components in the system. The electrical transient and reverse battery protection is provided 
while meeting cost and performance objectives within the product constraints. 

[0013] FIGURE 1 illustrates an electrical over-voltage transient protection circuit 10 

for suppressing electrical transients according to one embodiment of the present invention. 
An input connector 12 (e.g., electrical input) of the circuit 10 receives an input voltage (e.g., 
12 Volts). An output connector 14 (e.g., electrical output) transmits an output voltage of the 
circuit 10 to electrical components 16 having a predetermined electrical rating. In one 
embodiment, the input connector 12 is electrically connected to an ignition circuit or directly 
to the battery of a vehicle (e.g., an automobile or a heavy vehicle such as a truck or bus) and 
the output connector 14 is connected to electrical components on the vehicle. However, 
other embodiments, in which the electrical over-voltage transient protection circuit is not 
used in conjunction with a vehicle, are also contemplated. It is to be understood that the 
conditioned output voltage may be delivered off board via a connector or may remain on 
board and used locally. 

[0014] It is contemplated that the circuit 10 conditions the input voltage by 

suppressing over- voltage electrical transients up to: i) about 8 times the input voltage 
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through a source impedance of about 0.4J2 for about 0.5 seconds; ii) about 50 times the input 
voltage through a source impedance of about 20.0Q for about 1.0 millisecond; and iii) about 
50 times a negative of the input voltage through a source impedance of about 20.00 for 
about 1.0 millisecond. 

[0015] The circuit 10 includes a front end circuit with associated voltage threshold 

detection circuit and a FET gate voltage supply circuit for the electrical components 16. It is 
understood that a 24 Volt to 12 Volt converter front end circuit, know to those familiar in the 
art and not described here, may be added without changing the meaning of the invention 
described herein. More specifically, the invention provides a circuit protection means for the 
electrical components 16, which are rated at the predetermined electrical rating (e.g., 12 
Volts), from transients produced by a 24 Volt system. The front end circuit includes an over- 
voltage Field Effect Transistor ("FET") 20, an over-voltage detection and control circuit 22, 
a reverse battery protection FET 24, a high side FET driver gate bias circuit 26, a first 
absorbing means 30, and a second absorbing means 31, which is electrically connected to a 
diode 33. It is contemplated that the first and second absorbing means 30, 31 include a Metal 
Oxide Varistor (MOV) and/or a transient voltage suppressor. In this embodiment, it is 
contemplated that the FETs 20, 24 are n-channel switching FETs, which posses very low 
power consumption properties and, therefore, allow high electrical current for electronic 
circuits and components to operate at their maximum voltage rating. 

[0016] In this embodiment, the MOV 30 and the over- voltage FET 20 operate 

independently of each other. Furthermore, the FET 20 is rated at about 150 Volts and the 
FET 24 is rated up to about 150 Volts. The over- voltage FET 20 is, for example, an n- 
channel FET sized for 150 Volt Load Dump requirements for isolating or blocking the 
electrical components 16 from transients received at the input connector 12. Therefore, the 
over-voltage FET 20 acts as a means for blocking the electrical transient. It is also 
contemplated, in other embodiments, that a bi-polar junction transistor, a silicon control 
rectifier (SCR), and/or a relay be used in place of the over-voltage FET 20 for blocking the 
electrical transient. 
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[0017] The reverse battery protection FET 24 is, for example, sized for 48 Volt 

reverse battery requirements for isolating or blocking a current path back to the input 
connector 12 and, furthermore, a battery source if the FET 24 is installed backwards to 
common convention (to prevent current conduction under reverse battery conditions (e.g., a 
negative input voltage)). If the FETs 20, 24 are n-channel FETs, the FET 20 includes a drain 
20d connected to the input connector 12. Also, the FET 24 includes a source 24s electrically 
connected to a source 20s of the over- voltage FET 20 and a gate 24g electrically connected 
to a gate 20g of the over-voltage FET 20. Therefore, the FET 24 includes a body diode 
electrically connected to the FET 20. The body diode of the FET 24 is electrically oriented 
for blocking a negative of the input voltage. A state of the over- voltage FET 20 is controlled 
as a function of the input voltage, and a state of the reverse battery protection FET 24 is 
controlled as a function of a state of the over- voltage FET 20. In this case, the FET 24 may 
still be driven to an on state through the forward biased body integral diode inside the device, 
as is known to those in the art. However, the over-voltage FET 20 is what blocks the input. 
In one embodiment, the FET 24 is an n-channel 55 Volt rated FET for high current 
applications. 

[0018] It is to be understood that if the FETs 20, 24 are p-channel FETs, the over- 

voltage FET includes a source connected to the input connector. Also, the reverse battery 
protection FET includes a drain electrically connected to a drain of the over- voltage FET and 
a gate electrically connected to a gate of the over- voltage FET. 

[0019] The MOV 30 is sized for 600 Volt inductive switching transients through a 

20Q source impedance, which results in a voltage less than about 150 volts at the input 
connector 12. Such a transient requires only limited energy dissipation for short time 
duration transients as specified in the industry standards for an Inductive Switching Load . A 
MOV, which is rated to absorb only transients greater than about 125 Volts up to about 600 
Volts, with a very short time duration as specified in the industry standards, will protect the 
over-voltage FET 20 while resulting in very small absorbed electrical currents through a 
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MOV resistor due to a 20Q source impedance. Therefore, the MOV 30 acts as a means for 
absorbing the electrical transient. 

[0020] In the example discussed above, the MOV 30 is sized for less than about 150 

volts, because the 600 volts from the source is divided down due to the source impedance. 
Consequently, the FET 24 may have a lower voltage rating than the FET 20, which requires 
less space. 

[0021] The over- voltage detection and control circuit 22 includes a transistor 32, a 

diode 34, a zener diode 36, resistors 40, 42, 44, 46, 50, 52 and a capacitor 54. The over- 
voltage FET 20 is switched on and off by the over-voltage detection and control circuit 22. 
More specifically, the over-voltage detection and control circuit 22 switches the over-voltage 
FET 20 off when a scaled down voltage from the input connector 12 is greater than a voltage 
drop across the zener diode 36. When the over-voltage FET 20 is switched off, the input 
connector 12 does not electrically communicate with the output connector 14. Therefore, 
any voltage transients received at the input connector 12 are electrically blocked from the 
output connector 14. In other words, the over-voltage FET 20 controls an electrical 
connection between the input and output connectors 12, 14 as a function of the voltage 
transient. In this sense, the over-voltage FET 20 and the over- voltage detection and control 
circuit 22 act as a means for blocking the voltage transient from reaching the output 
connector 14. 

[0022] The high side FET driver gate bias circuit 26 includes transistors 60, 62, 64, a 

comparator 66 and diodes 70, 72, 74, 76, 80, resistors 82, 84, 86, 88, 90, 92, 94, 96, 98, and 
capacitors 100, 102, 104, 106, 108. The FETs 20, 24 are controlled (turned on and off) by 
the high side FET driver gate bias circuit 26. The bi-polar transistor 60, which is used along 
with diodes 70, 80 and resistor 82 as a bias supply, must be rated to withstand 150 Volts and, 
in one embodiment, is a bi-polar transistor part such as 5551. 

[0023] During operation, at least one of the MOV 30 and the over-voltage FET 20 

condition the input voltage by suppressing any voltage transients and producing a 
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corresponding output voltage which is less than about 200% of the input voltage. 
Furthermore, the output voltage is selectable to be less than or equal to a sum of the input 
voltage and a tolerance associated with the means for detecting 22 (e.g., down to about 110% 
of the input voltage). The output voltage is delivered to the output connector 14 and, 
furthermore, the electrical components 16. 

[0024] The MOV 30 absorbs a first portion of the voltage transient and the over- 

voltage FET 20 blocks a second portion of the voltage transient from reaching the output 
connector 14. The respective portions of the voltage transient absorbed by the MOV 30 and 
blocked by the over-voltage FET 20 are determined as a function of a characteristic of the 
voltage transient. For example, a first voltage transient having certain characteristics (e.g., 
600 Volts through a source impedance of about 20.0Q for about 1.0 millisecond) is 
substantially absorbed by the MOV 30 because the MOV 30 and the source impedance of 
about 20.00 form a voltage divider, whereby the voltage presented to the input 12 is less 
than about 150 Volts (which is the rating of the over- voltage FET 20). A second voltage 
transient having another characteristic (e.g., 150 Volts through a source impedance of about 
0.5Q for about 0.4 seconds) is substantially blocked by the over-voltage FET 20. 
Furthermore, other voltage transients having characteristics between the first and second 
voltage transients described above are partially absorbed by the MOV 30 and partially 
blocked by the over-voltage FET 20. 

[0025] It is to be understood that a DC to DC voltage converter such as a buck-boost 

or a buck as is well known in the art can be used with the protection circuit and components 
described in the embodiment illustrated in FIGURE 1 to adapt 12 Volt system components 
in a 24 Volt vehicle system. 

[0026] FIGURE 2 illustrates a second embodiment of the present invention. For 

ease of understanding this embodiment of the present invention, like components are 
designated by like numerals with a primed (') suffix and new components are designated by 
new numerals. 
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[0027] With reference to FIGURE 2, two (2) over-voltage FETs 20% 200 are 

connected in a parallel electrical arrangement with respect to each other for additional 
capacity to conduct the required electrical current with lower heat dissipation. It is to be 
understood that additional electrical current capacity may be achieved by adding additional 
parallel combinations of over-voltage FETs. 

[0028] Furthermore, it is also contemplated to add additional reverse battery 

protection FETs connected in a parallel electrical arrangement in order to attain additional 
electrical current capacity. 

[0029] It is to be understood that a DC to DC voltage converter such as a buck-boost 

or a buck as is well known in the art can be used with the protection circuit and components 
described in the embodiment illustrated in FIGURE 2 to adapt 12 Volt system components 
in a 24 Volt vehicle system. Other circuits which perform similar DC to DC voltage 
conversion can be used with this invention to adapt 12 Volt system components in a 24 Volt 
vehicle system. 

[0030] FIGURE 3 illustrates a third embodiment of the present invention. In this 

embodiment, the electrical over- voltage transient protection circuit 10' includes p-channel 
switching FETs 310, 312 along with a MOV 30'. The embodiment illustrated in FIGURE 3 
may be used in applications utilizing less electrical current and, therefore, does not require 
the use of the n-channel switching FETs, which possess very low power consumption 
properties and, therefore, allow high electrical current. Using p-channel switching FETs, 
which possess higher power consumption properties do not require the use of an associated 
high side driver charge pump circuit. This embodiment, therefore, has the same transient 
protection characteristics as the embodiment illustrated in FIGURE 1. However the 
embodiment of FIGURE 3 has the advantage of being simpler and requiring fewer parts and, 
therefore, has lower electrical current supply capacity. 

[0031] Adding additional over- voltage FETs connected in a parallel electrical 

arrangement and adding additional reverse battery protection FETs connected in a parallel 
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electrical arrangement in order to attain additional electrical current capacity constitute other 
contemplated embodiments of the invention since this design practice is well known to those 
in the art. 

[0032] It is to be understood that a voltage converter such as a buck-boost or a buck 

as is well known in the art can be used with the protection circuit and components described 
in the embodiment illustrated in FIGURE 3 to adapt 12 Volt system components in a 24 
Volt vehicle system. Other circuits which perform similar DC to DC voltage conversion can 
be used with this invention to adapt 12 Volt system components in a 24 Volt vehicle system. 

[0033] FIGURE 4 illustrates a third embodiment of the present invention. For ease 

of understanding this embodiment of the present invention, like components are designated 
by like numerals with a double-primed (") suffix and new components are designated by new 
numerals. With reference to FIGURE 4, the first means for absorbing 30" is a transient 
voltage suppressor. 

[0034] While the present invention has been illustrated by the description of 

embodiments thereof, and while the embodiments have been described in considerable detail, 
it is not the intention of the applicants to restrict or in any way limit the scope of the 
appended claims to such detail. Additional advantages and modifications will readily appear 
to those skilled in the art. Therefore, the invention, in its broader aspects, is not limited to 
the specific details, the representative apparatus, and illustrative examples shown and 
described. Accordingly, departures may be made from such details without departing from 
the spirit or scope of the applicant's general inventive concept. 
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